Background: The buttonhole technique is an alternative method of cannulating the arteriovenous fistula (AVF) in hemodialysis (HD), frequently used for home HD patients. However, the balance of risks and benefits of the buttonhole compared with the rope-ladder technique is uncertain.
T he arteriovenous fistula (AVF) is the preferred vascular access among hemodialysis (HD) patients, owing to its lower infectious complications and fewer failures compared with all other types of access. [1] [2] [3] [4] [5] Consistently successful cannulation of an AVF is critical for achieving adequate HD and is the lifeline for HD patients. The conventional method of accessing the AVF for dialysis treatments is the rope-ladder or rotating-site cannulation technique.
This involves needle placement sites that are rotated along the entire length of the fistula each time the patient receives dialysis. An alternative method, described by Twardowski and Kubara 6 in 1979, is called the buttonhole or constant-site technique. Here, the HD needles are inserted into precisely the same location, at an identical angle and depth for each treatment. The result is a permanent, self-sealing, fibrous tunnel through which the fistula can be accessed repeatedly over years, and it initially was advocated for use with fistulas having short useable segments or for patients experiencing significant cannulation discomfort. 6 Although the buttonhole technique has not gained widespread popularity among conventional in-center HD patients, this technique has been used routinely by many self-cannulating home HD patients. Purported benefits of the buttonhole technique include less patient-perceived pain, more rapid hemostasis, and fewer fistula complications, including local and systemic infections, aneurysm formation, and AVF failure. 7, 8 Though initially thought to be a safe procedure, more recent literature raises concerns that the buttonhole technique may be associated with a higher incidence of access-related infections, including life-threatening metastatic infectious complications.
Given the absence of large high-quality studies of patient-relevant outcomes of cannulation technique, we sought to systematically review and summarize the risks and benefits of buttonhole compared to ropeladder cannulation among HD patients using the AVF for vascular access.
METHODS
This systematic review was reported in accordance with published guidelines. 9, 10 The review protocol was registered with the National Institute for Health Research PROSPERO database (registration number CRD42012002850).
Search Strategy
A health information specialist at the University of Alberta (D.S.) was involved in development of the search strategy. Databases included MEDLINE (1946 to March 21, 2014) , EMBASE (1974 to week 12, 2014), Cumulative Index to Nursing and Allied Health Literature (CINAHL; 1937 to March 21, 2014) , and Evidence-Based Medicine (EBM) Reviews (to March 21, 2014) . Detailed search strategies are in Item S1 (provided as online supplementary material). Reference lists of included articles also were reviewed for relevant citations. Pairs of reviewers (B.W., R.P.P., G.N., A.G., and S.S.) independently performed title and abstract screening in duplicate, and any study considered potentially relevant by at least 1 reviewer was retrieved for full-text review.
Selection Criteria
Two reviewers (B.W. and M.M.) independently assessed the full text of each potentially relevant study for inclusion using predetermined eligibility criteria. Studies of adults 18 years or older using buttonhole cannulation in the home or in-center setting to cannulate incident or prevalent fistulas were included if they reported important clinical outcomes and included a rope-ladder control group. We included randomized trials and observational studies. We excluded abstracts, case reports, review articles, editorials without original data, and non-English publications. Disagreements were resolved by a third party (R.P.P.).
Data Extraction
All data were extracted in duplicate and included study characteristics (country, year, study design, sample size, and study duration), patient characteristics (age, sex, modality, dialysis vintage at baseline, and age of AVF at baseline), specifics of the buttonhole cannulation technique, and patient outcomes. The primary outcomes of interest were patient-reported cannulation pain and rates of AVFrelated local and systemic infections. Secondary outcomes included access-related interventions, survival, hospitalization, and mortality, as well as hematoma and aneurysm formation, time to hemostasis, and all-cause hospitalization and mortality.
Risk of Bias Assessment
For randomized studies, we evaluated the risk of bias within studies using criteria adapted from Higgins et al 11 ; a risk of bias assessment tool based on the Ottawa-Newcastle criteria was applied to observational studies. 12 These criteria include items of study design (selection of participants and matching for covariates and outcome definitions), statistical analysis (calculation of sample size and adjustment for potential confounding), and results (loss to follow-up).
Data Synthesis and Analysis
We compiled characteristics of each included study in tabular form and distilled this into individual outcomes tables according to dialysis modality: in-center HD versus mixed (in-center HD and home HD) or home HD. We analyzed data using Stata, version 13.1 (StataCorp LP). Median values were substituted for mean values and missing standard deviations were imputed according to Wiebe et al. 13 We calculated and pooled the standardized mean difference 14 for cannulation pain; the rope-ladder cannulation group mean minus the buttonhole cannulation group mean value divided by their pooled standard deviation corrected for small sample size bias using adjusted g of Hedges and Olkin.
15 By presenting the differences in mean values relative to standard deviation, we removed the heterogeneous effect of choice of pain instrument. Due to other differences (eg, study design, patient population, and variations in buttonhole cannulation technique) expected between studies, we combined results using the KnappHartung random-effects model. 16 Statistical heterogeneity was quantified using the I 2 statistic.
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RESULTS
Search Yield
The search yielded 1,379 records (Fig 1) . In total, 171 citations were retrieved for detailed evaluation. Of these, 23 primary articles were eligible for inclusion in this systematic review.
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Study and Participant Characteristics
There was significant heterogeneity among studies (Table 1) . Of the 23 studies included, 5 were randomized controlled trials (RCTs) 7, 19, 21, 23, 29, 38 (the second study by MacRae et al 38 was a long-term follow-up of their original RCT 19 ), while the rest were observational studies of various designs: prospective cohort, 8, 28, 37 retrospective cohort, 20, 30, 34 prospective before-after, 27 ,31,35 retrospective beforeafter, 6, 22, 25, 26, 32, 36 or cross-sectional. 24, 33 Eight of 23 studies did not have an explicit or even implicit prespecified primary outcome. Objectives of the various investigations differed among the remaining studies and the authors reported only on outcomes matching their objectives; cannulation pain is not a necessary outcome of buttonhole research so not all studies in this systematic review addressed our primary outcome (needling pain). Needling pain was reported as the primary outcome in 5 studies, and infection rate, in another 6. No study included only incident patients or incident fistulas. Most (17 of 23) studies were restricted to in-center HD patients, whereas 3 were limited to home HD patients and 3 included both modalities. Sample size ranged from 14-447 patients. When reported, the mean age of patients ranged from 48.5-70.4 years, and most patients were men (range, 38%-82%). Dialysis vintage was reported in only 10 studies, with median and mean values ranging from 0.34-3.7 years.
Age of the fistula at baseline was reported in only 13 studies and ranged from a minimum of 6 months to a maximum mean of 5.2 years. Quality assessment is reported in Tables S1 and S2 .
Cannulation Technique
There were significant variations in (and reporting of) cannulation technique among studies (Table S3 , which includes the 36 studies identified as relevant in Fig 1) . In terms of initial track formation, track maintenance, initial disinfection, scab removal, second disinfection, use of local anesthetic, needle insertion technique, needle type and gauge, self-versus nurse cannulation, antimicrobial topical prophylaxis, and postdialysis routine, there was inconsistent (and frequently incomplete) reporting.
Cannulation Pain
Fourteen studies, including all 5 RCTs, reported on patient-perceived pain (Table 2) . 7, 8, 19, 21, 23, 24, [26] [27] [28] [29] 31, 33, 35, 37 One RCT 29 reported a reduction in cannulation pain associated with the buttonhole technique, though this outcome was evaluated by a single item on a questionnaire 1 week after initiation of buttonhole puncturing and cannulation pain was not a primary outcome. Three RCTs used objective instruments of pain evaluation (visual analogue scales) and reported no statistical differences in pain between the 2 cannulation methods. 7, 19, 23 The other RCT 21 reported a nominally significant increase in pain with buttonhole cannulation (P 5 0.05), although 8 of 58 patients randomly assigned to buttonhole cannulation abandoned this technique due to discomfort and were not included in the subsequent analysis. Results of observational studies were inconsistent, with 4 small studies reporting statistically diminished pain with buttonhole cannulation, [26] [27] [28] 35 whereas the largest prospective cohort study reported increased pain with buttonhole cannulation 8 ; the other studies did not report a statistically meaningful difference.
Of the studies that enrolled only in-center HD patients, pooling showed a statistical reduction in Fig 2) . Between-study heterogeneity was large (I 2 5 89%). Two studies 23, 31 specifically addressed pain in home HD patients who self-cannulated, and neither reported a significant difference between cannulation techniques. Local anesthetic use prior to cannulation was incompletely reported (Table S3 ) and with mixed results (Table 2 ).
Local and Systemic Infection
The association between local and/or systemic infection and cannulation technique was described in 15 studies (Table 3) . [6] [7] [8] [19] [20] [21] [22] [23] 25, 29, 30, 32, 34, 36, 37 Owing to the heterogeneity of the case definition of infectious complications, we have not pooled results. However, all 10 studies (of which 4 were RCTs) including exclusively conventional facility-based HD patients reported a trend toward an increase in infectious events among buttonhole cannulators. Furthermore, of the 5 studies that reported between-group statistics, 3 demonstrated significant differences. 8, 19, 25 A similar trend was observed for studies including selfcannulating home HD populations (1 was an RCT). 20, 23, 30, 32, 36 No study in this review had infectious complications as a primary end point and no RCT was specifically powered to discern differences in rates. Table 3 delineates culture results (when reported) and shows a preponderance of Staphylococcus aureus bacteremia with buttonhole cannulation, with complications including endocarditis, discitis, septic arthritis, septic emboli, and death.
Three studies reported within-group improvement in infectious complications when the buttonhole technique was subjected to stricter procedures, 22 a buttonhole education workshop for nursing staff was introduced, 25 or mupirocin prophylaxis cream was introduced. 32 However, infectious event rates for buttonhole patients were still higher than for the rope-ladder comparator groups despite these measures to reduce infection risk.
Access Intervention
Seven studies evaluated the association between need for access intervention and cannulation technique (Table 4) . 8, 21, 26, 27, 34, 36, 38 A prospective cohort study demonstrated a reduction in access interventions (angioplasty) associated with buttonhole technique; however, buttonhole patients were recruited from a different HD unit than the rope-ladder control group. 8 The RCT by Vaux et al 21 showed a similar trend, with rope-ladder patients requiring 0.4 intervention (angioplasty, thrombectomy, or surgical revision) per patient-year to maintain access functionality, and buttonhole patients requiring only 0.2 intervention per patient-year (buttonhole, n 5 58; rope-ladder, n 5 69; significance level not reported). It is important to note that a polycarbonate peg was used for initial buttonhole track creation; patients assigned to the buttonhole group also had fewer previous accesses at baseline despite similar HD vintage, previous catheter use, and number of interventions to the AVF prior to the start of the study. A subsequent RCT by MacRae et al, 38 in long-term (.18 months) median follow-up, did not demonstrate differences in intervention requirements, including fistulogram, percutaneous transluminal angioplasty, and surgical intervention in an intention-totreat analysis, though an as-treated analysis suggested that buttonhole technique required more fistulograms (P , 0.001) and more percutaneous transluminal angioplasties (P 5 0.003). The other studies, consisting of in-center HD 26, 27, 34 or home HD patients, 36 did not demonstrate differences in access interventions.
Access Survival and Access-Related Hospitalization and Mortality
Three studies enrolling only in-center HD patients evaluated AVF survival (Table 4) . Two RCTs specifically evaluated AVF survival as the primary end point. 21, 38 The RCT by Vaux et al, 21 in which a polycarbonate peg was used for initial buttonhole track creation, reported 100% access survival for patients randomly assigned to buttonhole cannulation compared to 86% in the rope-ladder group (P 5 0.005). In contrast, in long-term follow-up of the RCT by MacRae et al, 38 similar median access survival times were observed (rope-ladder vs buttonhole: 16.0 vs 18.4 months; P 5 0.2). Furthermore, Chan et al 34 found no difference in AVF patency at 3, Figure 2 . Forest plot of cannulation pain among in-center hemodialysis (HD) patients (insufficient studies for creating forest plot for home HD patients). Abbreviations: BH, buttonhole; RCT, randomized controlled trial; RL, rope-ladder; SMD, standardized mean difference. 6, and 9 months between the rope-ladder and buttonhole cannulation techniques. None of the studies was powered to assess access-related hospitalization and mortality rates, and follow-up generally was too short to yield meaningful results (median or mean, #14 months in 15 of 23 studies).
Other Secondary Outcomes
Ten studies, including all 5 RCTs, reported some measure of hemostasis after needle removal; however, the evaluation of hemostasis was inconsistent between studies (Table 4) . 7, 19, 21, 23, [26] [27] [28] [29] 31, 35 While 4 of 5 observational studies reported a statistically significant shortened time to hemostasis, 4 RCTs (of both in-center HD patients and a mixture of in-center HD and home HD patients) concluded that buttonhole cannulation did not affect hemostasis, 7, 19, 21, 23 and one suggested a benefit but did not report summary statistics to substantiate that conclusion. 29 There also was considerable variability in the definition of hematoma formation and how this was quantified (Table 4) . Qualitatively, 2 studies reported statistically reduced rates of hematoma with buttonhole cannulation, 8, 19 2 further studies reported large differences favoring buttonhole cannulation without reporting summary statistics, 6, 7 and 2 studies demonstrated similar hematoma rates between the ropeladder and buttonhole techniques. 26, 37 One RCT (evaluating a mixture of in-center HD and home HD patients) showed an increased frequency of hematoma formation with the buttonhole technique, but this finding was attributed to lack of buttonhole experience by the nursing staff.
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All 4 studies (of only in-center HD patients) reporting on aneurysm formation suggested a benefit with buttonhole versus rope-ladder cannulation, though for only 3 were these results statistically significant (Table 4) . 7, 8, 37 One study assessed all-cause hospitalization rate. 30 However, it compared home HD patients versus incenter HD patients without directly comparing difference in cannulation technique. All-cause mortality was not assessed systematically in any study.
DISCUSSION
Cannulation dogma suggests that compared to traditional rope-ladder cannulation, buttonhole cannulation causes less pain, facilitates ease of cannulation, reduces hematoma formation from needle infiltration, results in more rapid hemostasis, and decreases the incidence of aneurysm formation. In this review, we used rigorous methods to summarize the available literature by describing the benefits and risks of buttonhole cannulation. For our primary outcome of cannulation pain, we found no evidence in pain score reduction with buttonhole cannulation irrespective of whether patients were self-cannulating home HD or in-center HD patients. Compared to the rope-ladder technique, buttonhole cannulation also appeared to be associated with increased risk of local and systemic infections.
Pain with cannulation is the most comprehensively studied outcome among those included in this review and the primary end point of 3 RCTs. 7, 19, 23 Though often cited as a key benefit of buttonhole cannulation, the literature does not support the contention that pain is reduced with this technique in either facility-based HD or self-cannulating home HD patients. The trial of MacRae et al, 19 in particular, demonstrates median pain scores of 1.2 (interquartile range, 0.4-2.4) versus 1.5 (range, 0.5-3.4; P 5 0.6) on a 10-point visual analogue scale for rope-ladder versus buttonhole cannulation at 8 weeks in the setting of an adequately powered and well-designed RCT in facility-based HD. While not obviously generalizable to selfcannulating home HD patients, cannulation pain in this latter population has been the subject of only 2 studies, neither of which report statistically significant improvements in pain.
23,31 However, both these studies are small and potentially underpowered, raising the possibility of failing to detect a meaningful difference between cannulation techniques when one may exist in reality (type 2 error); a larger study is needed to address this definitively.
A key risk with buttonhole cannulation is local and/ or systemic infection, and a consistent signal for increased infectious complications (with major morbidity) compared with rope-ladder emerges. However, a granular comparison of infectious outcomes between buttonhole and rope-ladder techniques is not possible because of the disparate and often imprecise definition of those outcomes. These range from "exit-site infection," 23 in whatever way that is interpreted by individual clinicians, to local infection defined by "one of the following: redness, swelling, tenderness, exudate or pus," 29 to nominally defined specific events such as S aureus bacteremia confirmed by blood culture. 32 A second potential source of variation in outcomes is the patient population, whether selfcannulating at home or nurse-cannulated in facilitybased HD. Although home HD patients tend to be younger and healthier than the overall dialysisdependent population, they may have potentially higher infectious complications because: (1) they typically dialyze more frequently and thus access their AVFs more often, (3) there is infrequent surveillance by dialysis professionals to intervene at early signs of an infection, and (3) lapses in strict adherence to protocol are possibly more likely to occur in an unsupervised home environment. This is particularly relevant because a disproportionate number of home HD patients use buttonhole cannulation compared with facility-based comparator groups, which tend to use the rope-ladder technique. 20, 30, 32 Thus, it is not surprising that in all studies including home HD patients, the infectious event rate is higher for buttonhole than rope-ladder cannulation even if not always statistically significant. 20, 23, 30, 32, 36 Finally, a worrisome signal appears to emerge that the complications of infectious events associated with buttonhole cannulation include more S aureus bacteremias, leading to sepsis, endocarditis, discitis, septic arthritis, septic emboli, and death. This important observation requires more definitive study.
There is a paucity of literature concerning the secondary outcomes under consideration in this review. Whether considering access survival, access interventions, access-related hospitalizations or mortality, hemostasis, or all-cause hospitalizations or mortality, there are no data favoring one cannulation technique over the other. Only hematoma and aneurysm formation appear to favor buttonhole users.
Although much has been written about buttonhole cannulation, many of these studies were simply descriptive (without an appropriate control group) and were not included in this systematic review. [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] Even in the studies that informed this review, there are a number of critical limitations to temper definitive conclusions. First, most studies were observational in nature, often with poorly defined or inappropriate control groups. Quasi-experimental designs, which dominate this literature, are subject to all the same limitations to internal validity as other observational studies (selection bias, information bias, and confounding), but also bias arising from temporal changes in natural history and clinical care that are unrelated to the intervention under investigation. 52 Even among the RCTs, there is an incomplete description of the randomization process, including allocation concealment, in 4 of 5 trials, and the inherent nature of the intervention that precludes blinding (Table S2) . Second, there were small sample sizes, accordant with limited power to detect meaningful differences where they may exist in reality; most studies had far fewer than 50 participants per intervention arm. Third, follow-up duration was short: most studies had 12 or fewer months of follow-up. This is particularly relevant for infectious complications because it is likely that serious adverse infectious events are late complications of buttonhole cannulation. Fourth, there was inconsistent description of outcomes: pooling point estimates (whether of infection rates, aneurysm formation rates, etc) requires reasonably homogeneous definitions of those outcomes in order to yield a meaningful estimate. For most outcomes, pooling data from the studies included in this review would be misleading, as described. Finally, there was a paucity of details describing creation and maintenance of the buttonhole: review of the literature suggests significant variability in how buttonholes initially are developed and the precise stepwise execution of the procedure once in use (Table S3) . As an illustrative example, one can reasonably speculate that cannulation by variably experienced staff can easily result in recurrent injury to the tunnel track, resulting in pain, needle infiltration, and perhaps infection, all complications that potentially are avoidable if cannulation is restricted to highly specialized nurses or the patients themselves. Comparison of the 2 recent RCTs showed significant differences in buttonhole cannulation comfort levels between nurses in both studies. 19, 21 Most cannulators in the study by Vaux et al 21 preferred the buttonhole technique, whereas the opposite was true in the study by MacRae et al, 19 and this comfort level (perhaps reflecting experience) is a critical and modifiable determinant of adverse events.
Of the outcomes under consideration in this systematic review, the best available data are for cannulation pain and infectious complications and would suggest that buttonhole cannulation does not significantly alleviate cannulation pain and likely increases the risk of potentially serious infectious complications. Thus, the evidence does not support the preferential routine use of buttonhole over rope-ladder cannulation in facility-based or home HD. The use of buttonhole cannulation may be appropriate for patients with specific indications such as tortuous, deep, or short AVFs, as well as patients with a history of difficult cannulations (though there is no specific evidence to guide this practice). However, because of the overall poor quality of the literature, larger RCTs with longer follow-up and well-defined clinical outcomes are needed to definitively identify the risks and benefits of buttonhole in comparison to ropeladder cannulation. responsibility that this study has been reported honestly, accurately, and transparently; that no important aspects of the study have been omitted; and that any discrepancies from the study as planned (and registered) have been explained. Table S1 : Quality assessment of observational studies. Table S2 : Quality assessment of RCTs. 
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